Abstract Age-related macular degeneration (AMD) is a common cause of visual impairment in the elderly population in developed countries. The etiology of AMD is not completely understood but environmental and genetic factors have been implicated in the disease. Recently it has been documented that variations in the complement factor H (CFH) and LOC 387715 genes are the major risk factors that predispose individuals to dry and wet AMD. To investigate further the genetic contribution to AMD, we have analyzed the LOC 387715 gene in a non-smoking family with an exudative AMD and a heterozygous mutation (Y402H) in the CFH gene. Direct sequencing of the amplified product of exon 1 of the LOC 387715 gene identified a previously reported missense mutation (A69S) in this family. The affected individual is homozygous for the mutation and this sequence alteration was not identified in six age-matched controls. On the basis of this and other results it is tempting to speculate that the combined effect of variants in the CFH and LOC 387715 genes may contribute to the AMD phenotype in this family. Further studies on these and other susceptibility genes may provide clues on variable phenotypes, new preventive strategies and treatment options for AMD.
Introduction
Age-related macular degeneration (AMD) is a complex and multifactorial eye disorder. It is the most common cause of blindness in the elderly population and affects approximately 50 million individuals worldwide (Klein et al. 2004; van Leeuwen et al. 2003) . The condition causes loss of central vision affecting reading ability and driving. The disorder is divided into an exudative (or wet) and a non-exudative (dry) form. The dry form of the disorder is more common, accounting for about 90% of cases; the wet form of the condition is less common but is responsible for severe vision loss. While the dry form of the disorder is characterized by the presence of drusen and geographic atrophy, the wet form involves choroidal neovascularization and retinal pigment epithelial detachment. Ethnic and phenotypic variations in the disorder also exist and treatment options are limited for the majority of patients.
Several risk factors, such as smoking, diet, race and family history, have been consistently suggested as causative agents for AMD. Among these, genetic factors and smoking play a significant role in the pathogenesis of this disease (De Jong et al. 1997; Seddon et al. 1997; Klaver et al. 1998; Khan et al. 2006) . Due to the late-onset nature of AMD, direct identification of heritable genes by genetic techniques is very difficult. However, several recent genome scan studies have identified susceptibility loci on 1q, 3p, 6q, 9q and 10q (Barral et al. 2006) . Recently, several independent studies reported a strong association of the variant Y402H in the complement factor H (CFH) gene on 1q32, and the A69S variant in the LOC 387715 gene (on 10q26) as major risk factors predisposing individuals to both forms of AMD (Haines et al. 2005; Klein et al. 2005; Edwards et al. 2005; Rivera et al. 2005; Sepp et al. 2006) . In addition, a whole genome association study has identified a variant in the promoter region of the HTRA1 gene (on 10q26) that may also play a key role in AMD susceptibility Yang et al. 2006) . Furthermore, ethnic variation in the frequency of the Y402H variant (Grassi et al. 2006 ) and a strong association of the A69S variant with smoking (Schmidt et al. 2006 ) have been reported in some populations. In order to further our understanding of the genetic contribution to AMD, we have analyzed a familial case of AMD with a heterozygous Y402H mutation and exudative macular degeneration.
Materials and methods

Patients
A family with three affected individuals related to the proband was identified; the clinical characteristics of this family have been described previously (Shastry and Trse 1999) . Ocular examination of all patients by an experienced ophthalmologist revealed predominantly choroidal neovascularization and hemorrhage affecting both eyes. The symptoms began in the seventh decade of life (65-70 years). Detailed medical and family histories were obtained from patients and a pedigree was constructed (Fig. 1a) . Information regarding a deceased individual was also obtained from patients. According to the international standardized AMD classification system, the family was diagnosed as having the exudative form of AMD (Fig. 1b) . To the best of our knowledge this family did not have a history of smoking. This study was approved by the Institutional Review Board of Oakland University and all patients were informed of the purpose of the study.
Sample collection, PCR amplification and DNA sequencing We collected venous blood from patients and unaffected family members and leukocyte DNA was extracted. Genomic DNA was amplified by the polymerase chain reaction (PCR) as described previously (Shastry 2006) . Briefly, the PCR conditions were 30 cycles of 1.5 min at 94°C, 1 min at 60°C and 2 min at 72°C in a Fialsafe PCR buffer system supplied by Epicenter (Madison, WI). The amplified products were gel isolated, purified by phenol:chloroform extraction and ethanol precipitation. DNA sequencing was performed using the big dye terminator cycle sequencing method according to the procedure supplied by the manufacturer (Applied Biosystems, Foster city, CA) using the same forward and reverse primers used for amplification. 
Results
We have previously reported (Shastry 2006 ) that the family shown in Fig. 1a contains a segregating variant (Y402H) in one of the alleles of the CFH gene. Since the affected individuals were non-smokers and have an exudative maculopathy, we were further prompted to analyze the second major gene (LOC 387715) for its contribution to the pathology of the disorder. When the amplified exon 1 of the LOC 387715 gene of an affected patient was sequenced, the same previously reported variant (A69S) was identified (Fig. 2) . The patient is homozygous for this alteration and it was not found in six age-matched controls. When this family was previously analyzed for mutations in the RDS/ peripherin, bestrophin and glutathione peroxidase promoter region, no disease-causing polymorphism was detected. Therefore, it is very likely that these two genes are the candidate genes contributing either singly or in combination to the disorder.
Discussion
In developed countries, AMD is the leading cause of severe visual impairment in the elderly population. The etiology of AMD is complex and may involve genetic and environmental factors. Previous reports such as population-based segregation analysis and twin studies support a role for genetic factors. Recently, it was found that variants in the CFH and LOC 387715 genes are the major genetic factors that predispose individuals to AMD. Although the allele frequency of CFH polymorphism varies among different populations (Grassi et al. 2006; Li et al. 2006; Conley et al. 2006) , and is not associated with AMD in the Japanese population (Gotoh et al. 2006) , many independent studies strongly suggest that it is an important etiological factor for both geographic atrophy and choroidal neovascularization (Sepp et al. 2006) . Polymorphism in the second major gene LOC 387715 is strongly associated with smokers (Schmidt et al. 2006 ) although some studies did not find significant differences in risk allele frequency and smoking (Rivera et al. 2005; Conley et al. 2006) . The contribution of this locus to AMD is also much weaker in the Russian population. Nevertheless, on the basis of several independent studies it has been consistently suggested that both genes independently contribute to disease risk and that they have multiplicative effects (Rivera et al. 2005; Schmidt et al. 2006) . In the present study, we have shown that the affected individuals in our family are homozygous for the risk allele (T/T) in the LOC 387715 gene. We have also previously reported that the same patients are heterozygous for the CFH variation (Shastry 2006) . Although it is difficult to correlate genotype with phenotype, the present study may support the multiplicative model. Consistent with this idea, we have previously shown in a separate study (Shastry 2006) that when a single allele of the LOC 387715 gene alone is mutated (but with no mutation in the CFH gene) in a different family with a history of smoking, patients exhibited an extensive exudation and retinal detachment. This severe effect could be due to smoking since the single allele mutation in the LOC 387715 gene contributes only minimally to the disease risk (Schmidt et al. 2006) and smoking is known to modify the disease risk. The results of the present case suggest that homozygosity in the risk allele of the LOC 387715 gene reported to be associated with higher risk for the disease (Rivera et al. 2005; Schmidt et al. 2006) , either alone or in combination with the heterozygous variant in the CFH gene, may contribute to the risk of AMD. Interestingly however, these digenic alterations do not seem to have any effect on the age of onset of the disorder in this family. Whatever the mechanism of disease pathogenesis, further studies on these susceptibility genes may provide information on variable phenotypes, new preventive strategies and treatment options for AMD. 
